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(57 ABSTRACT 
Charge for an explosive projectile characterized in that 
it comprises a plurality of adjacent, coaxial and annular 
layers, the peripheral layer having a higher content of 
heavy powerful explosive than the immediately adja 
cent layer and so on to the central axial layer which is 
a solid cylinder and has the lowest content of heavy 
powerful explosive. 

1 Claim, 3 Drawing Figures 
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PROJECTLE CHARGES 

The present invention concerns improvements relat 
ing to projectile charges. . . . 5 
The present-day conventional charges (particularly 

for shaped charge projectiles) are those introduced by 
pouring and based on tolite containing, in suspension, 
heavy powerful explosives such as pentrite, hexogene 
and octogene. By various means such as for example the 10 
shape, dimensions and proportions of the projectile, the 
feed and heat treatment of the charge, the features of . 
which are optimized for each particular case, the com 
position of the mixture, the viscosity particle-size and 
particle-size range of the heavy unfused explosive, etc. 15 
., it has become possible to obtain mixtures which are 

very uniform and exhibit little porosity, which are dis 
posed symmetrically about the longitudinal axis, and 
which have a high content of heavy powerful explosive 
such as hexogene for example. These results and the 20 
steps used for achieving them have greatly contributed 
to improving the performance of modern shaped 
charges. 

Furthermore, the introduction of the priming screen 
has made it possible to generate detonation waves of 25 
concave toroidal shape, (as seen from the nose of the 
projectile, the wave advancing towards the viewer). 
This step, combined with those mentioned above, has 
also contributed to an increase in the power of shaped 
charges which has now reached 5 calibres or more, 30 
with maxima in the order of 6 to 6.5 calibres. 

All of these conventional improvements are in partic 
ular aimed at two essential classes of parameter of the 
shaped charge, i.e. length of the jet on the one hand, and 
symmetry on the other. It has long been known that the 35 
penetration power is directly related to the length of the 
jet which, furthermore, should be straight, continuous 
and symmetrical. Thus, the head of the jet, created by 
the nose of the casing, is sustained by the adjoining 
zone, whereas the tail of the jet and the "core', not 40 
participating in penetration are created by the base of 
the casing. 

Thus, to increase the penetration power, it is neces 
sary to lengthen the jet by causing participation of the 
greater fraction of the generatrix of the casing, remote 45 
from the nose, and to try to transfer, from the "core' to 
the jet, a greater fraction of the base of said casing. 
With this end in view, the invention provides a 

charge characterized in that it comprises juxtaposed, 
annular and coaxial layers which contain progressively 50 
higher contents of heavy powerful explosive (hexogene 
for example) the further they are away from the axis, 
the detonation wave then being propagated more rap 
idly in the peripheral layers, and velocity being lowest 
at the axis and increasing progressively as the periphery 55 
is approached and as a function of the increasing con 
tent of powerful explosive, so that the wave thus also 
has a concave toroidal shape (as seen from the front of 
the casing, irrespective of whether or not a screen is 
present, both possibilities being covered by the inven- 60 
tion). 

In these conditions and according to the invention, 
the faster arrival of the detonation wave in the periph 
eral layers permits earlier attack on the base fractions of 
the casing, the particles of which join, at an earlier stage 65 
and often at an earlier stage and more intimately, the jet 
normally created by the tip of said casing and the neigh 
bouring zone. Consequently, according to the inven 
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tion, a lengthening of the effective jet, good continuity 
of the jet and a consequent increase in penetrating 
power are achieved. 
To achieve this result and in accordance with the 

invention, the charge is formed by adjacent, annular, 
coaxial, cylindrical layers, the peripheral layer having a 
content of powerful heavy explosive that is greater than 
that of the inwardly adjacent layer as seen on the same 
transverse plane at right-angles to the longitudinal axis 
of the projectile. According to the invention, at least 
two coaxial layers are provided, i.e. a central layer 
(solid cylinder) surrounded by an annular peripheral 
layer. 
The various features and advantages of the invention 

will be seen from the examples described below. These 
examples are however quoted simply by way of illustra 
tion, and any other forms of construction, shapes, sizes 
and dispositions can also be used within the framework 
of the invention. 
The example dealt with below relates to a charge 

comprising two annular outer layers which surround a 
solid cylindrical central layer. The invention also cov 
ers any number of annular outer layers other than two. 
The example dealt with below concerns a disc-shaped 

priming means not having a screen. However, the in 
vention also relates to priming means of any shape, with 
or without a screen. 

Finally, the example dealt with below concerns a 
projectile having a shaped charge with a conical casing. 
However, the invention also covers any form of casing 
for a shaped charge and, in addition, explosive projec 
tile not having a shaped charge. 
The following description refers to the attached 

drawings in which: 
FIG. 1 is a longitudinal section through a projectile in 

accordance with the invention; 
FIG. 2 illustrates diagrammatically the features of the 

charge for the projectile shown in FIG. 1; and 
FIG. 3 is a longitudinal section showing the essential 

arrangement of the parts forming the charge in accor 
dance with the invention. 
The projectile shown in FIG. 1 consists of a shell 1, a 

casing 2 for the shaped charge, an explosive charge 
designated as a whole by the reference number 3, and a 
priming means 4 (which, in the present non-limiting 
example, takes the form of a disc). The longitudinal axis 
of the projectile extends along the line X-X'. 

In this embodiment of the invention, the charge 3 
consists of three coaxial layers, namely: 
a central cylindrical layer III having a powerful ex 

plosive content of H, 
an annular layer II adjacent to and coaxial with III 
and having a powerful explosive content of H'>H, 
and 

an annular layer I (adjacent to and coaxial with the 
layer II), having a powerful explosive content of 
H">H'>H. 

Still within the framework of the invention, the rela 
tive contents H, H' and H" of powerful explosive may 
be constant in the same layer (this being the case with a 
compressed explosive containing an addition such as 
wax, or a composite explosive comprising a plastics 
binding agent). 

Within the same layers the relative contents H, H' 
and H" may vary (the conventional case of a poured 
charge having atolite base wherein the powerful explo 
sive content is greater at the front-zone X than at the 
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rear end-zone X-when charging is carried out by 
gravity and through the rear end). 

In the first case and in accordance with the invention, 
H">H">H, so that the peripheral layers (I) have a 
lower binding agent content than the central layers 
(III). 

In the second case and in accordance with the inven 
tion, charging is carried out in such a way that in one 
and the same plane N perpendicular to the longitudinal 
axis X-X", the contents of the various layers is in accor 
dance with the formula H">H">H. In another plane 
N' located nearer the front end, the formula is 
H'>H'>H1, though if N' is nearer the front than N, 
then H">H'(H"1, H' and H1 being the respective 
contents of heavy powerful explosive in the layers I, II 
and III in the plane N'). 

FIG. 2 illustrates the distribution of the contents in 
heavy powerful explosive as proposed by the invention 
and in the projectile shown in FIG. 1 in the case of a 
poured charge based on tolite. 
The X-Y axis shows the percentage in heavy power 

ful explosive H; the X-X axis shows the various planes 
N along the projectile. 
According to the invention, the distribution of the 

percentage contents Hin zone I is outside the curve for 
the zone II, and the latter is in turn outside the curve for 
the Zone III (each outside position indicating an increas 
ing percentage content H). 
The detonation velocities in each layer follow similar 

curves. The detonation wave of the charge in accor 
dance with the invention is thus concave and toroidal as 
seen by a viewer positioned in front of the projectile and 
observing this wave advancing towards him, so that a 
larger fraction of the casing participates in the continu 
ous jet as aimed at by the invention. 

In the case of a compressed explosive, the charge in 
accordance with the invention is made up of annular or 
cylindrical blocks of a suitable shape and diameter 
which are positioned and bonded to each other to ob 
tain the arrangement shown in FIG. 1 for example. 
After optimization, care is taken to distribute the explo 
sive content so that it corresponds to the condition 
H'>H' > H in accordance with the invention. 
According to the invention, the same conditions 

apply in the case where a composite explosive having a 
plastics binding agent is used. m 

In the conventional charge introduced by pouring 
and consisting of a mixture based on tolite, the improve 
ments in accordance with the invention are achieved for 
example in the manner described below by reference to 
FIG. 3. The projectile comprises a shell 5 and a casing 
6 (which is conical and has a cone angle of a for exam 
ple). A charging funnel 7 is fitted in a manner not illus 
trated. 
According to the invention, the peripheral annular 

layer 8 of explosive (having a maximum content H') is 
formed by fitting in position a cylindrical tool 9, (made 
of metal or plastics material) having an outside diameter 
D corresponding to the inside diameter D of the annular 
peripheral layer I (FIG. 1), this tool being centered on 
the axis X-X' in the funnel 7 with the aid of three or 
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4. 
more vanes 10 and by fitting the front end 9 of said tool 
9 on the casing 6 so that the zone of contact between the 
tool and the casing constitutes a frusto-conical portion 
having an angle a. 

After the charge has been made up, poured in and 
heat treated in the usual manner, the tool 9 is lifted, and 
using a similar tool the second annular layer in accor 
dance with the invention is poured into the interior. (If, 
for example, a charge as in FIG. 1 is used, the second 
tool 9 is similar but has a diameter D' instead of D). 
Then, in accordance with the invention, the mixture is 
made up to give H'< H'. 

This procedure is repeated in stages, and the final 
solid, cylindrical and central layer having an explosive 
content of H-H' (FIG. 1 for example) is poured di 
rectly into the cylindrical axial space left by the penulti 
mate operation in accordance with the invention. 
However, to obtain the charge comprising cylindri 

cal, annular and coaxial layers in accordance with the 
invention, cooling in each operation is not continued to 
approximately 20 C. as is usual with conventional 
charges, but, according to the invention, is arrested 
within a range of approximately 50° C. to 80° C. so as to 
obtain the distribution and the required percentage con 
tent H in the layer on the one hand, and to maintain a 
solid inside channel which is left open for the purpose of 
accomodating the following layer, on the other. Within 
the framework of the invention, the best temperature is 
Selected within the above-mentioned range to suit the 
particular case. 

Finally, the concave wave required for the charge 
comprising adjacent annular layers in accordance with 
the invention can also be achieved by the use of explo 
sives of different kinds such that the detonation velocity 
in one layer is greater than that in the immediately 
adjacent inner layer and so ontowards the centre. In this 
case, the above-mentioned formula H">H'>H is, ac 
cording to the invention, replaced by the formula 
W'>W'>W, wherein W', W' and W are the detona 
tion velocities in the zones I, II and III respectively of 
F.G. 1. 
What is claimed as new is: 
1. A generally cylindrical hollow shaped charge for 

an explosive projectile comprising a generally cylindri 
cal jacket, and an explosive charge within the jacket, 
the charge having a generally conical, hollow depres 
sion in the front end of the charge, the charge being in 
the form of a plurality of coaxial layers, the innermost 
layer being a solid cylinder of explosive of relatively 
low power, the layer overlying the innermost layer 
being an annular layer having an explosive content 
more powerful than the innermost layer, and further 
annular layers, each having an explosive content more 
powerful than that of the adjacent inner layer, the out 
ermost annular layer having the highest explosive con 
tent, the jacket further serving to elongate the jet by 
causing participation of a larger fraction of the genera 
trix of the conical depression remote from the front end 

60 of the charge. 
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